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Nocturnal angina: precipitating factors in patients
with coronary artery disease and those with variant
angina
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SUMMARY Factors precipitating noctural myocardial ischaemia were investigated in 10 patients
with frequent daytime and nocturnal angina pectoris. Eight patients had fixed obstructive coron-
ary artery disease or a low exercise threshold or both before the onset of ischaemia. Two patients
had variant angina with normal coronary arteries and negative exercise tests. During sleep the
electrocardiogram, electroencephalogram, electro-oculogram, electromyogram, chest wall move-
ments, nasal airflow, and oxygen saturation were continuously measured. Forty two episodes of
transient ST segment depression were recorded in the eight patients with coronary artery disease
and 26 episodes of ST segment depression and elevation in the two patients with variant angina
and normal coronary arteries. All episodes of ST segment depression in the former group of
patients were preceded by an increase in heart rate as a result of arousal and lightening of sleep,
bodily movements, rapid eye movement sleep, or sleep apnoea (one episode). In contrast, in the
variant angina group no increase in heart rate, arousal, or apnoea preceded 23 of the 26 episodes
of ST segment change. Thus increase in myocardial oxygen demand was important in precip-
itating noctural angina in patients with coronary artery disease and reduced coronary reserve. In
the patients with coronary spasm these factors did not often precede the onset of noctural
myocardial ischaemia.

Angina usually occurs on exertion during the day
and is regarded as being secondary to an increase in
myocardial oxygen demand that cannot be met by a
simultaneous increase in blood flow because of
obstructive coronary artery disease. It can also occur
at rest and during sleep at night. The occurrence of
nocturnal angina in patients with daytime pain was
recognised in one of the earliest descriptions of the
syndrome by Heberden.! The suggestion that
coronary artery spasm was a possible mechanism of
angina pectoris,? did not receive widespread support
until Prinzmetal ez al described the classic symptoms
in patients with normal coronary arteries.®* Much
more clinical, haemodynamic, and angiographic evi-
dence has been accumulated in these patients that

Requests for reprints to Dr Kim M Fox, National Heart Hospital,
‘Westmoreland Street, London W1M 8BA.

Accepted for publication 30 June 1986

supports coronary artery spasm as the underlying
pathophysiological mechanism.** It has been sug-
gested, on the basis of these results, that even the
nocturnal angina that occurs in patients with fixed
obstructive coronary artery disease is secondary to
coronary spasm or sudden reductions in coronary
blood flow.%’

Episodes of ST segment depression and elevation,
which may or may not be associated with chest pain,
can be recorded by ambulatory electrocardiographic
monitoring.? In a preliminary study we examined
the momentary changes in heart rate that preceded
or accompanied episodes of nocturnal ST segment
depression in patients with severe obstructive coron-
ary artery disease.’ This detailed analysis showed
that there was invariably a small but important
increase in heart rate before the onset of ST segment
depression in both painful and pain free nocturnal
episodes. To evaluate further the mechanisms
underlying nocturnal angina pectoris we have per-
formed all night polygraphic studies in this group of
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patients and have compared their results with those
of patients with normal coronary arteries and angio-
graphically proven coronary spasm.

Patients and methods

PATIENTS

We studied six men and four women (aged 46 to 79
years) with frequent nocturnal and daytime angina
pectoris that was associated with reversible ST seg-
ment changes. Patients 1-8 had a very low exercise
threshold before ST segment depression occurred
(mean (SD) 2-9(1-4) min) during treadmill stress
testing with a modified Bruce protocol. Severe three
vessel coronary artery disease (>709, coronary
luminal narrowing) was demonstrable in five
patients at angiography and at necropsy in one; one
patient had a severe proximal left anterior
descending artery stenosis only. The 79 year old
patient did not have cardiac catheterisation. Patients
9 and 10 had a negative exercise test and no
important coronary artery disease at angiography.
Provocation with ergometrine maleate (mean dose
0-1 mg) during coronary angiography produced con-
siderable localised spasm in a single coronary artery
in both patients, which was accompanied by chest
pain and ST segment elevation on the electro-
cardiogram.

STUDY PROTOCOL

Patients were weaned off all antianginal medication
before the sleep studies. Glyceryl trinitrate was used
to treat painful episodes. Polygraphic recordings
were made during nocturnal sleep for one night in six
patients and for two consecutive nights in four
patients (mean (SD) 9 (3) hours (range 6-13 hours)).
Informed consent was obtained from all patients and
the study was approved by the hospital ethics com-
mittee.

POLYGRAPHIC RECORDINGS

We obtained continuous overnight recordings of the
electrocardiogram, electroencephalogram (C4/Al or
C3/A2 or both), electro-oculogram (two channels),
and submental electromyogram. An ear oximeter
(Hewlett Packard) was used to measure arterial oxy-
gen saturation, nasal airflow was measured with a
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thermistor, and chest wall movements with an
impedence pneumogram. Patients slept in a sound
reduced room and were observed by one of us
throughout each study. Recordings of all obser-
vations were obtained on an eight channel ink jet
recorder (Siemens, Mingograph) which was run at
15 mm/s. Recordings of arterial oxygen saturation,
chest wall movements, and nasal airflow were also
obtained on a separate four channel paper recorder
(Hewlett-Packard) run at 25mm/min. Sleep was
staged by the standard guidelines of Rechtschaffen
and Kales.!°?

A continuous bipolar electrocardiogram of lead
CM5 was obtained on a frequency modulated
recorder (Oxford Medilog II) so that the ST seg-
ment shifts could be accurately measured. Important
ST segment depression was defined as depression of
> 1 mm of the ST segment below the isoelectric line
0-08 s after the end of the QRS complex that persis-
ted >1min. Important ST segment elevation was
defined as a > 1 mm shift upwards of the ST segment
at the J point. Changes in the ST segment were
measured with a magnifying lens equipped with a
graticule, which enabled us to measure to an accu-
racy of 01 mm. This meant that the exact time of
onset of the ST segment change could be deter-
mined. ST segment shifts that occurred after
changes in position were not regarded as important
unless the changes returned to normal while the
patients remained in the new position or if these
episodes were followed by angina. For the purposes
of this study isolated T wave changes were not
regarded as good indicators of myocardial ischaemia.
Careful analysis of the R-R interval was performed
for at least 5min before the onset of ST segment
change (baseline heart rate) and was continued
throughout the episode. The R-R interval was
measured every 6s to detect precisely the time of
onset of any change in heart rate. Thus the exact time
of onset of ST segment change and its relation to the
change in heart rate could be determined. All the
results are expressed as mean (SD).

Results

A total of 90 hours of recording was obtained during
14 nights of sleep in the 10 patients. The eight

Table Frequency and duration of episodes of ST segment change observed during sleep in patients with important
coronary artery disease or positive exercise tests (cases 1-8) and patients with coronary spasm (cases 9 and 10)

Episodes of ST Episodes of ST Number of painful Total duration of
Cases depression elevation episodes episodes (min)
1-8 42 0 18 64 (56) (mean (SD))
9 8 6 3 169
10 11 1 2 167
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Figl Hourly frequency of episodes of ST segment change
in patients with coronary artery disease (CAD) (hatched
bars) and patients with normal coronary arteries and spasm
(unhatched bars).

patients with obstructive coronary artery disease had
42 episodes of nocturnal ST segment depression
(mean 5-3(3-5), range 1-13) of which 439, were
painful, and they lasted from 1 to 81 min (table). In
the two patients with normal coronary arteries and
spasm there were 26 epsiodes of transient ST seg-
ment change during sleep, 19 with ST segment
depression and seven with ST segment elevation. Of
these, 199, were painful and they lasted from 2 to
8 min (table).

Episodes of ST segment change were equally dis-
tributed throughout the night, with no tendency for
episodes to occur in the early morning hours in the
eight patients (cases 1-8) with fixed obstructive
coronary artery disease. The two patients with
coronary spasm (cases 9 and 10) had more episodes
of ST segment change lasting for a longer period in
the early morning hours (16 episodes lasting 213 min
from 4.00-7.00 am) compared with the early part of
the night (7 episodes lasting 105min from
1.00-4.00am) (fig1).

RELATION BETWEEN ST SEGMENT CHANGES AND
SLEEP STAGES

Patients with coronary artery disease

In the patients (cases 1-8) with obstructive coronary
artery disease and strongly positive stress tests-most
episodes of ST segment depression were preceded
by arousal from deeper sleep stages to lighter sleep
stages or to awakening; this was followed immedi-
ately by an abrupt increase in heart rate (fig 2). Often
bodily movements, such as turning, followed the

arousal and were associated with further increases in

heart rate. Figure 2 shows an example of the onset of
one episode of ST segment depression. Thirty nine
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of the 42 episodes of ST segment depression were
preceded by arousal in which the electro-
encephalogram changed from a high amplitude slow
wave pattern to a low amplitude high frequency pat-
tern. This was followed immediately by an increase
in heart rate from 68 (10) beats a minute to 87 (10)
beats a minute, and only later did the ST segment
start to change. All but one of the patients were
awakened with chest pain at least once during each
night of the study and were given sublingual glyceryl
trinitrate.

Four episodes of ST segment depression were
associated with rapid eye movement sleep periods.
Two episodes followed increases in heart rate which
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Fig2 Polygraphic records (a and b) from a 63 year old
woman with three vessel coronary artery disease during
sleep demonstrating the onset of an episode of ST segment
depression. The electroencephalogram (EEG),
electrocardiogram (ECG), electro-ocluograms (EOG), and
chest wall movements were recorded at 15mm|s. Insets of
the electrocardiogram recorded from lead CM5 at 25mm|s
are shown. Sleep stage 111 followed by sudden arousal to
stage I/II was associated with an increase in heart rate.
FEurther increase in heart rate after turning (movement
artefact) was followed by the onset of ST segment
depression.
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Fig3 Polygraphic recording from a 58 year old woman

with normal coronary arteries and spasm in the left
circumflex coronary artery during sleep showing the onset of
an episode of ST segment depression. The electrocardiogram
(ECG), electroencephalogram (EEG), electro-oculogram
(EOG), and electromyogram (EMG ) were continuously
recorded. There was no change in sleep stage or heart rate
before the onset of ST depression.

occurred during the later phases of rapid eye move-
ment sleep. The other episodes occurred when
arousal from rapid eye movement sleep to a lighter
sleep stage occurred, again preceded by an increase
in heart rate. Epoch marking of the electro-
encephalogram recordings throughout the night
showed that all patients spent a proportionately
greater time in lighter sleep stages (1, 2, or awake)
probably as a result of repeated awakening with chest
pain. Rapid eye movement sleep, however, occurred
in all patients, lasted for a mean of 44 min each night,
and was more prevalent during the second night. On
several occasions arousal from deeper sleep stages to
lighter sleep occurred and was accompanied by an
abrupt increase in heart rate but this was not fol-
lowed by important ST segment depression
(>1mm) or pain. There was, however, a <lmm
shift in the ST segment. In the absence of another
independent marker it is impossible to know whether
such changes also constitute ischaemia. In this study
we have reported only those episodes of ST segment
change that were >1mm, although it is likely that
smaller changes also represent periods of less severe
ischaemia. There were also differences in the base-
line heart rate and the magnitude and rate of increase
of the heart rate during different episodes of arousal
in the same patient.

Patients with coronary artery spasm
Twenty three of the 26 episodes of ST segment
change observed in the two patients with spasm were
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not preceded by increases in heart rate, changes in
sleep stages, or bodily movement (fig 3). Episodes
started with an initial change in the T wave vector,
progressed to peaking of the T wave and important
ST segment elevation, and ended with ST segment
depression. There were 19 episodes of ST segment
depression and seven episodes of ST segment
elevation. In one patient, however, there were three
episodes (our of a total of 14) of ST segment depres-
sion that were preceded by a lightening of sleep pat-
tern, bodily movement, and increases in heart rate
which resembled episodes in patients who had
obstructive coronary artery disease.

RELATION BETWEEN NOCTURNAL ST SEGMENT
CHANGES AND RESPIRATION

In one patient with three vessel coronary artery dis-
ease and episodes of ST segment depression at night,
one episode was preceded by central apnoea with
cessation of chest wall movements and nasal airflow
for 22s. Oxygen saturation fell from a baseline of
96%, to 829, and this was followed by an increase in
heart rate and onset of ST segment depression (fig 4).
None of the other episodes of ST segment depres-
sion or elevation, in this or any other patient, was
preceded or accompanied by changes in respiratory
pattern or oxygen saturation. This patient had other
episodes of ST segment depression that were not
preceded by apnoea but occurred as a result of light-
ening of sleep and bodily movements. He also had
further brief episodes of central respiratory depres-
sion (fig4) with reductions in chest wall movement
and nasal airflow, but these did not result in a reduc-
tion of oxygen saturation or a change in heart rate or
the ST segment.

Oxygen
saturation (%)

Figd Recordings of the nasal airflow, chest wall
movement (25 mm|min), electrocardiogram (25mm]s), and
oxygen saturation during sleep in a 68 year old man with
three vessel coronary artery disease demonstrating several
brief episodes of central apnoea with the final episode of
apnoea lasting 22s. This was followed by desaturation,
increase in heart rate, and ST segment depression.
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Discussion

In this study we have examined two distinctly sep-
arate groups of patients who had frequent daytime
and nocturnal angina pectoris. One group had
obstructive coronary artery disease or positive exer-
cise test at a low workload or both, whereas the other
group had no important coronary artery disease and
had negative exercise tests and localised coronary
spasm. Most of the ischaemic episodes of ST seg-
ment depression in patients with coronary artery dis-
ease were preceded by movement, arousal, and
increases in heart rate. We analysed the momentary
changes of heart rate that preceded episodes of ST
segment change occurring at night in a previous
study.® In those patients, all with severe obstructive
coronary artery disease, almost all of the episodes of
ST segment depression were preceded by small but
significant increases in heart rate of the order of
20(12) beats per minute. This study has demon-
strated that these increases in heart rate are chiefly a
result of arousal and lightening of the sleep phase or
are associated with rapid eye movement sleep. Cen-
tral apnoea occurred in only one subject and though
this slightly reduced oxygen saturation (to 829,),
there was a sudden increase in heart rate, which
possibly was more important in initiating myocardial
ischaemia. At other times of the night further epi-
sodes of ST segment depression that followed bodily
movements and arousal developed in this patient.

The occurrence of this degree of sleep apnoea in the

symptom free population is believed to be not
uncommon, although the true incidence is
unknown.!! To our knowledge there is no informa-
tion on its relation with angina pectoris.

Whereas some studies have shown that episodes of
nocturnal ST segment change occurred during the
rapid eye movement phase of sleep,'? '3 others have
reported no relation between rapid eye movement
sleep and nocturnal angina.'# !5 Wide fluctuations of
heart rate and blood pressure are also known to occur
during rapid eye movement sleep as a result of auto-
nomic stimulation.'® ! In our study, episodes asso-
ciated with rapid eye movement sleep were
uncommon. Analysis of the sleep pattern confirmed
that patients spent a proportion of their sleep time in
the rapid eye movement phase of sleep. Because
patients repeatedly awoke with chest pain several
times each night the periods of rapid eye movement
associated sleep were short, especially during the
first night. We attempted to overcome this difficulty
by having four patients sleep for two nights; they had
longer periods of rapid eye movement sleep on the
second night.

It was not the purpose of this study to establish the
sleep pattern of patients with nocturnal angina. This
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would have required several nights of acclimatisation
in the sleep laboratory. This was not acceptable in
our patients because they were suffering from fre-
quent angina and were being investigated after with-
drawal of all antianginal medication. Lightening of
sleep, arousal, and bodily movements are normal
during sleep and are followed by an increase in heart
rate and blood pressure.' !” The magnitude of these
haemodynamic changes varies between different epi-
sodes of arousal. In this study several episodes of
arousal occurred that increased heart rate but were
not followed by important ST segment depression
(>1mm). There may be several reasons for this.
Firstly, we arbitrarily used 1mm of ST segment
depression as being representative of ischaemia.
Often, episodes of heart rate increase were followed
by depression of the ST segment that did not reach
1mm. These may have indicated periods of less
severe myocardial ischaemia. Secondly, some epi-
sodes of arousal were followed by an increase in heart
rate that was less than that which occurred when
such arousal was accompanied by bodily movements
such as turning. The latter was more likely to result
in important ST segment depression. Also a slower
arousal or bodily movements may result in a less
rapid increase in heart rate which may also influence
the development of ischaemia.

Finally, heart rate is just one of the determinants
of myocardial oxygen demand. In this study we did
not attempt to measure changes in blood pressure
and end diastolic volume, which also influence myo-
cardial oxygen demand. It is known that arousal and
rapid eye .movement sleep are also associated with
fluctuations in blood pressure!®!” and that
recumbency increases end diastolic volume. If the
magnitude of these changes varied during the course
of the night it is not surprising that only some of the
episodes of arousal were followed by important ST
segment changes.

The size of the increase in heart rate before the
onset of ST segment depression in patients with
coronary artery disease varied in the same individual
at different times of the night. The interval between
the heart rate increase and the onset of ST segment
depression also varied. This may have been either
because differences in the magnitude of the stimulus
were causing the change (arousal only versus arousal
and turning) or because the magnitude of change in
other factors such as blood pressure, end diastolic
pressure, or coronary tone varied at different times of
the night. Exercise tolerance in these patients was
very low. We did not measure the heart rate at the
onset of ST segment depression during the exercise
tests. The resting heart rate and blood pressure dur-
ing the daytime are higher than at night and it is
therefore difficult to compare the absolute levels of
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heart rate or the magnitude of increase in heart rate
during the exercise test with the increase that pre-
ceded ST segment changes at night.

It is impossible to exclude the influence of alter-
ations in coronary tone,® platelet aggregation,'® and
other factors that may increase the obstruction of the
coronary lumen in patients with severe coronary
artery disease. Indeed there is evidence that coronary
artery tone is higher during the night than during the
day!®2° and this may predispose patients to the
development of ischaemia at lower levels of exertion
at night than during the day. The important finding
in this study is that in patients with severe coronary
artery disease increases in myocardial oxygen
demand immediately precede the onset of ischaemia
at night as well as during the day.

Continuous haemodynamic monitoring in
patients with variant angina has shown that no
important changes in heart rate, blood pressure, left
ventricular filling pressure, or cardiac output pre-
cede the onset of ST segment changes.®” In a pro-
portion of patients in whom all night polygraphic
studies were performed, ST segment elevation or
depression was not associated with rapid eye move-
ment sleep or with any changes in sleep pat-
tern.'2”'* In the present study episodes of ST
segment change developed in two patients with
proven coronary artery spasm; most were not pre-
ceded by changes in the heart rate, respiratory rate,
or oxygen saturation. Episodes were more common
during the early morning hours!? (fig 1). The factors
that precipitate coronary artery spasm remain
obscure. Coronary artery tone is increased at night
and tends to be highest in the early morning
hours!® 2%; this may account for the increased fre-
quency. Although all the episodes in one patient and
11 of the 14 episodes in the other patient were not
preceded by increases in heart rate, three episodes of
ST segment depression followed arousal and tachy-
cardia. Possibly coronary spasm was partly but not
completely occluding the vessel at these times and
was not producing myocardial ischaemia under rest-
ing conditions. After arousal and an increase in heart
rate, myocardial oxygen demand increased and this
resulted in ischaemia and onset of ST segment
depression.

Most of the episodes of ST segment elevation and
depression were not accompanied by chest pain. In
individual patients, however, the factors associated
with and preceding the onset of painful and pain free
episodes of ST segment change were identical. Simi-
larities in haemodynamic and functional variables
accompanying painless and painful episodes of ST
segment change have been demonstrated before.?!
The factors that precipitate myocardial ischaemia at
rest in patients with obstructive coronary artery dis-
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ease and limited coronary reserve differ from those
that precipitate ischaemia in patients with normal
coronary arteries and spasm. The importance of
increased myocardial oxygen demand in the former
group of patients has been clearly demonstrated and
its therapeutic implications need to be further
investigated.

We thank the British Heart Foundation for support
and Dr T McMorland for his assistance.
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